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The present report, with minor var!:tions *-i presented at the
Second HERO Congress, 30 April - 2 ':y 1963. Becaxrse the
sub)ect material is of broad interest it warrants a wider
distribution than it might get by appearing only in the Proceedings
of the Congress. As the title indicates the seport deals with
low functioning probability levels and therefore is of interest
in weapon safety considerations. However, by symmetry and
analogy the concepts presented herein are equally useful for
high functioning probability level estimates needed for weapon
reliability considerations.
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INTPODUCTION

1. The assessment of the hazards of electromtgnetic radiation
to explosive ordnance centers largely about the determination of
the probability of inadvertantly firing electro-explosive devices
by RF eneray. A major part of this paper dill be devoted to
expounding the thesis that, in general, the firing probability of
EED's has not been determined with sufticient accuracy to allow
the hazard assessment to be mate with realistic precision. A
second objective will be to ret forth techniques by which the
firing probabilities of EED's can be determined with greater
accuracy at input stimuli associated with low firing response.
Finally, it is hoped that this paper will qive enough insight
into the problem of predicting ELL -espase, that the presently-
used ambiguous conceptc of "All-Fkie" and "No-Fire" points will
be eradicated.

2. Thi safety-design godl for Naval weapon fuzes has long been
that there be no more than one weapon in a million wherein the
warhead charge shall be initiated unirtentionally at any time
from manufacture to target delivery. This fact is cited to
indicate the high level of safety desired in the Navy's detonating
munitions and as point of reference for establishing safety
goals for today's modern weapons of larger range and potency.
The demonstration of such probability levels is virtually
impossible by direct testing methods. Inferential methods must
be used to amass relevant data and to make acceptable estimates.

RESPONSE OF EED'S

3. The major portion of the HERO problem arises from the RF
vulnerable EED's used throughout weapon systems. It is necessary
that ZED sensitivity to electrical energy (pow.-r) be related to
the ambient electrical environment if an estimate of safety is
to be made. Furthermore the sensitivity (probability of response
to a particular intensity of environment) is needed at a very low
probability of firing level.

4. In order to understand the various methods of predicting
extreme firing probability levels a passing understanding of
probability distribution fu.,ctions is of benefit. It has been
found that the values of many naturally occurring phenomena can
be sufficiently v-11 described for many purposes by the normal
(Gaussian) distrbution function, for example, the heights of
1162 Vassar students in 1958 (F-'ir, 1). Here we can .ee that
the Gaussian curve describes the |ii.ribution of heights q..itŽ
well except at the upper tall wher, only one or two students
would be expected to be over 6 feet tall. Actually there -ere five.

I
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5. The normal distribution can be represented giaphically in a
number of di•ferent ways: the bell-shaped frequency curve
(Figure 2), the cumulative curve or ogive curve (Figure 3), and
the cumulative curve transformed to a straight line by plotting
in an appropriate probability space (Fxguie 4). While these
three forms appear to be different they are equivalent. They
all demonstrate the fact that the function is asymptotic at both
extremes. That is, the probability of initiation does not become
zero until the stimulus is decreasing without limit. Similarly
100% probability is approached but never actually attained.
Whether or not this asymptotic property is an accurate description
of the nature of EED's will be brought out ;n later discussions,
particularly wnen considering "Al1-VI'e" "nd "No-Fire" conrepts.

6. The cumulative function ,s the "ore useful one for making
estimates of extreme firing p-obability levels, particularly when
in the straight-line form*. From tht straight line relation it
is obvious that a particular distribution can be fully identified
by ,wo data points: either a particular functionang-stilmilus-and-
probahilit'- point and -'.- -lope of the line, or else two
functioning-stimulus-and-probability points.

THE METHODS FOR ESTIMATING FXTRE24E
FUNCTIONING PROBABILITY POINTS

7. Extreme functioning probability pointa for EED's have usually
been estimated by extrapolating on the basis of an experimentally
determined mean and standard deviation. As is the way with
extrapolations, this process can lead to seriously faulty answers.
There are certain assumptions inherent in the extrapolation:

a. That the sample size is adequate
b. That the sample is Lsed efficiently. (This is

controlled by the design of the experiment and
the accuracy of t.ie apparatus.)

c. That the sample is representative of the batch
or lot from which it was taken.

* It should be noted that the point of intersection of the line
with the 50% firing level is designated as V, the fifty per cent
firing stimulus, while v, the standard deviation is the reciprocal
of the slope at 11. It is a sta.x.,t-al convention to reserve
the Greek symbols - and - for exp"-s tng the properties of the
parent populattion and m and s res ,.'evely as the estimates
based on measurements on samples frc, the population.

2
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d. That the sampled batch (or lot) is representative
of all possible batches (or lotb) of that
partxc.lar EED.

e. That the distribution function employed in
making the extrapolation does in fact describe
the sensitivity of the EED.

8. If extrapolation is so dangerous why is it used? Why are
not the extreme fuuctioning response& measured directly rather
than by this tenuous method? The obvious reason is that the
number of EED's (often very costly) needed to make a direct
measurement is prohibitive. Suppose that one is interested in
knowing the current which will cause not mc.re than one in ten
thousand EED's to fire. It would b, necessary to observe thirty
thousand trialL without a single fire before one could say with
teasonable assurance (a risk of one chance in twenty) that the
current will not cause more than one in ten thousand EED's to fire.

CHOICE OF DISTRIBUTION FUNCTION

9. There is no other way out than extrapolation in the present
state of the art, There is considerable hope that knowledge of
the electro-thermal parameters coupled with the hot-spot theory"*
will eventually make it possible to establish safe currents
through BED bridgewires. Until such timc we must therefore select
a distribution function which will be used as a basis for making
the desired estimates.

10. To our knowledge only in two instances have thern been
sufficiently detailed tests made to give a quantitative picture
of the sensitivity distribution function of EED's. One of these
was carried out at Franklin Institute on 4362 carbon bridge EED st
The other, carried out on 7890 wire bridgc EED's, was reported
at the last HERO Congress by two of the present authors,. This
work leads to the following conclusions concerning the proper
choice of distribution fur.ntion:

a. The horizontal axis should be ii. logarithmic units,
i.e., log current, log energy, or lo5 voltage.

b. The Gaussian probability curve is not a good
fit since it predicts too high a reliability
above the 50% point and too low a probability
(greater safety than actually exists) below the
50% point.

c. The lociistic Jstrit•t on function
4 

does not give
an accurate fit but a* least it seems to err on
the side of ovcr conservatism.

*Reierences will be found on page 15
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It has been the aathors' recommendation that in the absence of
more definitive information, the log-logistic distribution
function be used for maklng extreme functioning probability
estimates of wire bridge EED's. Many, if not most, of the
estimates currently available in the literature, manufacturing
data, and specifications are based on the Gavesian distribution
rather than the logistic.

11. Tn passing, w.e would like to poent )ut an extra advantage in
using the logistic distribution function. Being of the forra:

L = !n x•

where p is pzobabillty, qel-p, x Is ti" stimulus, x is the mean
stimulus, and r is the reciprocal of the slope in the logistic
probability space , this function can be evaluated with a set
of log tables by desk computations and can be programmed very
simply for high-speed computers. The cumulative Gausstan function
cannot be evaluated in terms of elementary funrctions and is
therefore difficult to incorporate into high-speed computer programs.

LIMITATIONS OF THE BRUCETON
DATA-COLLECTION PLAN

12. The Bruceton plan is the most widely used method today for
obtaining and analyzing firing data, undoubtedly because of the
conservative sample size and the ease of making statistical
calculations. But the Bruceton plan is extremely poor for making
the large extrapolations needed in the estimation of extreme
firing levels. The testing is conducted close to the 50% firing
level requiring that the distribution function be very well known
to allow long extrapolations. Further, the Bruceton plan tends
to give poor estimates of the standard deviation, which is one
of the parameters by which the extrapolation is made. Work
carried out in England by J. W. Martin ot the Royal Armacent
Research and Development Establishment, Ft. Halsteadý, shows
that poor estlmates of tl'e standard deviation occur even with
reasonable sample sizes (100 firings, for example). The
situation is depicted graphically in Figures 5 and 6, which
were obtained by making high-speed computer Bruceton runs with
a known normal distribution. The bell-shaped curves show the
expected relative frequency distributions of estimates of the
standard deviation. The histograms show the discributions of
the estimates that actually were observed. The horizontal
coordinates of each oell-curve/hist, ;r- pair are exptessed as
a ratio of the estimate of the !,tanG r deviation co it. true
value. Inherent in the Bruceton process is the fact that the
precisions of the estimates of the mean ,-d standard deviation
are affected by the location of the mean with respect to the test

4
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height shen the step size is larce compared to the standard
deviation. From the curves it can be seen tiat the standard
deviation is more 3eriously underestimated wnen the step size
is small compared to the standard deviation and to a lesser
degree affected by the location of the ,mean with respect to the
test height. The probability of underesrimating the mean is not
negligible with large samples (100 units) and is much greater
with small sample sizes (25 units). An estimate of the standard
devtation equal to 50% of its txue value (which could happen
qui*c often in the 25 unit cdse) would lead to an estimate of a
hazard of 1/1,000,000 when the true risk was 1/115 or an estimate
of 1/1,000 when the true risk was 1/16. Underestimating the
standard deviation, of course, will give overly optimistic
predictio.,b of both safety and .z - '•. . To underes, 'mate the
true sta,,dard deviation wýll givc _nreasonable estimates of the
various firing points as shown below where cxtrapolation is made
from the fifty per cent firing level.

Predicted Firing Probability True Firing Probability

s = 0.5a Per Cent

0.0001 0.873

0.001 1.644

0.01 3.148

0.10 6.118

1.0 12.24

10.0 26.08

20.0 33.68

13. Other Monte Carlo studies carried out independently at the
Naval Ordnance Laboratory show dramatically the imprecision to
be expected with small sample size Bruceton determinations.
Fifteen Bruceton type tests, twenty shots per test, were carried
out using a population wich a known mean of 5.60 and a known
standard deviation of 2.00. Figure 7 compares the individual
estimates of the 90, 50 and 10 per cent points with the known
population. Note, for instance, that the predicted 10 per cent
point of the eighth run is higher than the predicted 90 per cent
point of the fifteenth rua.

14. Still another instance can be quoted. Recently one thousand
Primers Mk 114 were fired under co.,stant current conditions at
the Naval Ordnan'- Laboratory. ' "eliminary 30 shct Bruceton
run yieldea a 50 per cent ,otnt ýf 1.8 millidmpers- which -,
virtually the same as was observ,,,. tor the 100a shot rundown test.
The Bruceton predicted I per ccnt firing level was 62.7 milli-
amperes. Experimentally, in the rundown at a level of 62.5 milli-
amperes, 3.85% functioning was actually observed.

5
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1E. The original paper on the analysis of the Bruceton method
givez a tesk f.f normality. This is based on what is known as
the Chi-square test. Unfortunately use of this test will never
prove that the distribution is normal. Failure to pass the test
is taken as proving that the distrýbution is .iot normal whereas
passing the test merely shows that ,t could be, but is not necessarily,
normal. What is even more disquie:ting, unless the !isrirbution
differs greatly from the normal, a. larce number (i.e., many hundreds)
of trials will be required to establish the non-normality of the
distribution. The usual Bruceton test does not have a sufficient
number of trials to do this.

16. Another vsry serious limitation lies in th-, fact that the
Bruceton test collects th- data Tear tb. fifty per cent point.
There are many possible distribution functions which would match
the data collected o'er this range in a satisfactory manner but
which would differ to a very considerable extent for low or high
per cent response points. Figure 8 shows several such curves
fitted to data of a typical Bruceton test. To state this problem
in anothrr .ay, if the true distribution function should be even
slightly peaked, or slightly flattened, near the mean (as compared
wita thL assumed function) then we find that the true and assumed
function would have diverged greatly by the time the extreme
function-ng probability levels were reached For instance, in
Figure 9 we see a case where the true functiozn had longer tails
than the assumed function. Even if we had a perfect Bruceton,
one in which the mean and the standard deviation measured at the
mean wera without error, we woilld be making overly optimistic
estimates at both ends. In Figure 10 we show a way we can collect
the data to reduce the effect of lack of agreement of the true and
assumed functions when making estimates at low probability levels.
It should be noted that the assumed distributions fitted to the
data in Figure 10 are depicted as straight line while the true
(but unknown) distzibution is shown as a curvedline.

17. Fox emphasis, we repeat that the Bruceton collection plan
should not be used for this work. We realize that the Bruceton
plan is an old friend, a popular and tried-and-tiusty tool. It
has its uses. But it is not the tool for this job. Here we must
find some way of allocating our samples so that we approach more
closely to the functioning level we wish to estimate but yet not
get so far away from the mean that we get almost meaningless
(saturated*) data.

-By saturateO data wý mean a level ,' ich all fails or else all
fire- were obsrved. Since we compute )-no. of fires/ne. of •r-als
we would find p=o or - respectively. wz would be unable to plot
it in our straight line cumilative probability space.

6
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BATCH-TO-BATCH AND LOT-TO-LOT VARIABILIT'z

18. It is usual to treat electro-explosive devices as if each
had individual fiYed charncterist)cs We think in terms of a
fixed firing energy for a particular design of EED under given
conditions, and publish data to show what izs characteristics are.
For example, the Mlk I Squib requires 10,000 orgs for 50% firing
uncer adiabatic input. But it is known that when each of two
d.rfer.t menvfacturers make the squib che firing cnaracteristics
will pro)-ably be different. These differences can occur from
slightly Jifferent btidge wire lengths, bridge wire diameters,
fineness of explosive about the bridge wire, etc. it has even
been found that whun the same manulacttrer makes the same EED
ovLr a per-ed of time the firing ch ýacte:iutics may vart eidely.
An example of this iý snown for the tridge-.explosive combination
of the Mk 114 Priret, manufactured by the same company with an
interval of approximately 10 years between the Iwo manufactured
vatches, ,Figure 11).

19. That an EED cannot be considered to be of fixed firing
cnaracteristics is thus apparent. This fact should not be
suvprising when it is realized that manufacturers using the
same plant, equipment, and processes can turn out both acceptable
and unazceptable lots of EED's during a given production. What
should not be expected or assumed is that a given variety of EED
is invariant in its characteristic.; consequently safety estimates
cennot be realistically made assuming invariant firing properties.

SAMPLING ERROR

20. In estimating the firing characteristics of a group o0 EED's,
test firing ur-st be made with a sample taken from tne group. The
results of this test firing can be taken as estimates for the
group as a whole. Thebe astimates will, of course, differ from
the true, iut unknown, values. These differences constitute the
sampling errors. Their possible magnitudes for random samples
can be ostimated by standard statistical methods. These estimates
would be in the form of a statLment that the ..•ror is probably
less than a certain aiount. In a certain proportion of the tests,
five per cent for example, the error will be greater thdn this
amount.

21. Remember that these error est-mates will De valid only if the
sample was taken randomly. A rando's sample is one .n wh)ch the
selection of the :individual iter dces not depend upon any
property of the item. Every ite.. m, st have an equal chant- of
be)ng selected as a member of the ceple. In many cases the
selection of a trsly random sample Decomes difficult if not
actually impossible. For example, we cannot obtaia a 'andom
sample of all mk 114 Pri-err. The sanple must, for prautical

7
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reasons he drawn from the :temn on hand at a particular time
and place. The result is - ,at one does not estimate the
characteristics of the Mk 1_4 Primer but of some particular lot
or group of these Primers. AS was pointed out in the preceding
paragraph a:.y attempt to cons:der these results as a characteriza-
tion of the Wk 114 Primer is fallacious. This is the same error
as that made by the European wno thinks that tie knows what
Americans are like because he has seen a few American movies or
has spent a day ,r two in New Yor. City.

THL "ALL-FIRE' "NO-FIRE" TRAP

22. Over the past few years there has teen an increasing
tendency to use as concepts for ih. , er.::r.. EEDs:

a. The "No-Fire" level, i.e., the largest input
stimulus which can be applied to an EED without
initiating it.

b. The "All-Fire" level, :.e, the smallest input
stimulus which must be applied to an EED to
initiate it with certainty.

These t ncepts are very handy from the engineering standpoint.
They may even be true. But to date we have not been ible to
devise a method for locating these points or levels,or of
verifying their existence.

23. The usual process for estimating the "All-Fire" and "No-Fire"
levels involves a measurement of zesponse at a number ot levels
and then an extrapolation in the appropriate Jirection with in
assumed distribution function. But the asymptotic limits of
the distribution function are automatically assumed since they
are part of the distribution function. And these limits are
the desired "No-Fire" and "All-Fire" levels. Since the) have
been assumed a priori, they cannot be estimated or measured by
the assumed distribution function. These limits are - and +.
for a linear normal or linear logistic function. Since a
negative firing energy or power is meaningless tne logarithmic
transform is usually used. With the logarithmLc transformation,
the "No-Fire" level beco.ies zero energy or power and the "All-Fire"
Icvel rcmains *•. Other distribution functions could easily be
con3ured up which would be asymptotic at finite non-zero levels,
but thcy would have to be based on absolute knowledge beeose
their limits could be ident:fied with certainty as the desired
"All-Fire" and "No--.re" levels.

24. There is a way of getting an e,. rhether or not a particular
test level is above or below the "All-Firv" level. For instance,
let us assume that 3 million units of a particular type of EED

8
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are to be ested at 3.0 anperes. If there is a mixed respouae
(both fires and fails) we know with certainty that the "All-
Fire' level, if it exists, is greater than 3.0 amperes. If all
of the units respond we may have exceeded the "All-Fire" level.
But there is still one chance *n twenty that we are at as low a
probability as d 0.999,999*. There is an even greater chance
that we have not exceeded the "All-Fire" level. But to get this
assurance of only one in a million failure level at 95% confidence
we had to use . fantastic sample size and we still are not sure
that we have reached an "All-Fire" level or even that it exists.

25. The term "No-Fire" is an idea which seems to us to be similar
to the idea of an upper boundary to the earth's atmosphere. All
of the initiators of a given kino. -.e s.atire population ii,
statistical language, correspond i,, this analogy to the atmosphere.
The population of initiators is made up of individuals each of
which will have a minimum stimulus requireentjust as the
atmosphere is made of individual molecules each having a certain
height**above the earth. If there is atmosphere at any given
height above the earth's surface then there will be some gas
molecules at a slightly greater height. A similar situation
exists with initiator sensitivity. If a few initiators will
fire at a given stimulus, it is impossible to say that a decrease
of an erg in the energy or a milliampere in the current would
never result in a fire.

26. It is our contention that the terms "All-Fire" and "No-Fire"
do not mean literally what they say. Is there, *hen, a meaning
for these terms which, though different from the literal trans-
lati-n, is gcnerally accepted? It is certainly pos--ble that an
arbitzry definition could be made and generally accepted in the
same way as other empirical parameters such as flash point of
oil, yield point of steel, etc. At present there are many
interpretations of the concepts ranging from carefully computed
points to engineering hunches and guesses.

*The sa .ple size needed to make this same sort of a prediction at
other probabilities can be computed very simply by:

3P
!-P

where N is the number of items in the sample, P is the lower 95%
confidence limit for the estimate of the probability of having
observed N fires out of N trials.
** For the purposes of this analVy 't is immaterial that the
minimum scismlus requirement .f i.ic .nitiator is fs-"d whi•e gas
molecule heights vary with time. t-.e atmusphere analogy I-
restricted to a single instant in time.

9
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27. For instance, we find in the specifications for the Squib
Mk 1 that either forty-five or seventy-five items (depending
upon the lot size) are to be tested with a current of 200 milli-
amperes. If none fire the lot is accepted. This 200 milliampere
level is quoted as the "No-Fire" carrent for this initiator. But
the ghastly truth is that the chances are five out of eight that
forty-five failures would be observed at a level which in
reality was the 1% functioning level. Or, to look at it another
way, a manufacturer could be proddcng Mk 1 Squibs which will
function 0.1% of the time at this 200 milliampere "All-Fail"
and have 19 out of 20 lots accepted.

28. Recently certain groups at the Bureau of Naval Weapons have
decided to define the "m-4s" and the "mn4s" lsvels as the "No-
Fire" and "All-Fire" levels respective-y. These coiresponu k.
probabilities of 32 in a iillion that an adverse result is
expected in either case, i.e., 0.000032 or 0.999968. The choice
of 4 standard deviations away from the mean is purely arbitrary.
It is a seat-of-the-pants compromise between what one might like
to be able to say (one in a million) and what one m:ght be really
justified in saying (one in a hundred).

THE WAY OUT

29. By now the picture we have painted must indeed be bleak. We
have said that even if a good random sample is taken from the
lot being tested there is no assurance that the other lots will
not differ from it. We have said that the normal distribution and
the Bruceton data-collection plan should not be used to make
extrapolations. We have said that the "All-Fire" and "No-Fire"
levels probably do not exist or else if they do exist they cannot
be determined by direct experiment. We will say further that it
will almost always be the case that safety estimates must be made
by extrapolating hopefully with a surmised distribution function
on data derived from an inadequate sample size taken from a lot
which probably will be different from the lot that is used in
the weapon.

30. The first purpose of this report 2s to post . warning as to
the nature and degree of the problem. The second is to show ways
to reduce the likelihood of making faulty estimates:

a. Get the largest possible sairple size
b Make sure that the sampling was random

c. Make sure that the firing r:"-umentation is in good
order. (The inherent expE.-.ntal error sho.3d
be known.)

d. Carry out the firing accordtng tc a plan which has
been uptimized for the purpose of making the desired
estimate.

10
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e. Choose the distribution function which will yield
-onservative estimates

f. Estimates should be made realistically in view of the
limitations inherent in t.,e piocess. Assumptions
should be recognized and stated with the deduced
sensitivity figures.

31. What is meant by "largest rossible sample size"? How big
is a large sample size? AS was mentioned previously 1000 Primers
Mk 114 were fired under constant-current conditions. The follow-
ing firing data were obtained:

Cuirent 0',-c"ved Response

Milliamperes Fi2.. Fai]s Per Cent

84.0 2 0 100.00
77.0 9 1 90.00

70.0 4 9 30.77

67.5 10 35 22.22

64.0 8 171 4.47

62.5 15 375 3.85

61.0 1 349 0.29

Using the log-logistic distribution function, and fitting the
data using the least-squares method, the sensitivities are
estimated:

Probability of Functioning Predicted Level
(per cent) milliamperes

50.0 71.19

5.0 63.70

1.C 59.85
0.1 54.85

0.01 50.28
0.00i 46.09

The 95% tolerance interval (upper and lower confidence band)
about the 0.1% point is from 50 to 57 milliamperes. The estimate
of the 0.1% point is not particularly precise. Had the sample
size been in the order of 100 units this interval would have
been over three times larger. I us it can be seen that a sanple
of a few hundied units really carno- be expected to .ive a
reliable 3nd precise estimate mu-Ah beyond the 1% point. It
•egins to be evident that the definition of a large sample size
is: a quant2ty much larger than one can hope for.

11
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32. The next three items listed )n paragraph 30 are quite clear.
The necessity for random selection of the sample from the
population a basic tenet of proper experimental and statistical
procedures. Next, since we must extrapolate on the basis of
some measure of the variability of tl. sasple su,.h a- s, the
standard deviation, we must be assured that the variability
introdiced by instrumentation errors is small compared to the
variability inherent in the EED. Reference 6 is suggested as a
detailed analysis of the quantitative problems of ftring EED's
by capacitor discharge. And finally, the impcrtance of choosing
the right distribution function has been discussed in detail
elsewhere in this report.

DPSIGN OF A DATA CCLLiCTTI? PL5'z C- UTIZED
FOR MAKING EXCTR-. FUNCTIONING P .OBABILITY ESTIMATES

33. In order co mi-im~ze the importance of a ur-pcions regarding
the frequency distribution it is desirable to base these estimates
on data taken as close as possible to the per cent point to be
determined. The simplest such test would be one which calls for
testing at two stimulus levels near to the region in question.
One of the two levels will be further from the mean and closer
to the desired point than the other. This will be designated
the remote stimulus level. The data obtained can then be
extrapolated to determine the stimulus associated with the
desired per cent point. In planning such an experiment the
following conditions should be met:

a. The difference between the stimuli used should not
be small compared to the extrapolation distance
(the difference between the desired point and the
observed remote stimulus)

b. The number of trials at the remote stimulus level
and the expected response at this level must be such
that the probability of observing either all-fires
or all-fails is srall

c. The number of trials made at the remotp functioning
level should be greater than the number of trials at
the level closer to the mean. A good choice is to
take the number so that the product np(l-p) `s the
same for both levels where n is the number of trials
and p iz the expected probability of fire.

34. The general approach in implementing this method is to run
a preliminary short Bruceton which is -:sed to estimate two
stimulus levels at vhich the remaii. ar af the sample will be
fired. At the first level (the one ý! ser to the mean) the
smaller portion of the remaining sa-'r is fired. If the ob-
served response is not too different freo what was expected
from the Bruceton test, the remainder of the sample is fired

12
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at the previously selected remote level. If the response at
the first level differs markedly irom the expected response,
the test plan is altered to reallocatc the sample remainder.

35. The following is a step-by-step procedure for firing two
hundred samples:

a. Ftre twenty items in a Bruceton test to obtain
preliminary estimates of the mean, m. and the
standard deviation, s. A log-transform of the
dosage (current, potential, energy) is taken as
the stimulus.

b. Compute the magnitude of the two test levels; near
stimulus (first level) - r-0.'., ie:,ote stimule
(second level) = m-l.3s.

c. Test fifty items at the near stimulus level
(I) if five or fewer fires .e observed,

redefine the near stimulus level as the
remote level by continuing firing at this
level until one hundred-thirty items are
expended. Fire the remaining fifty at m-0.2s.

(2) if more than five fires are observed (the
usual circumstance) fire the remaining one
hundred-thirty units at the original remote
st'mulus level.

36. The foregoing procedure is set up for use when a low per
cent point is desired. This method can be used for determining
a high per cent point by making the appropriate changes. The
test levels should be computed by adding, rather than subtractine,
the appropriate multiple of s. The criterion for altering test
levels, i.e., "five or fewer fires", would be c1ranged to "five
or fewer fails".

37. There is one problem in reliability determination which does
not have its counterpart at low per cent points. This is the
possibility of the presence of duds which would not respond to
any stimulus, no matter how great. Obviously if more than one
per cent of the population were duds, a 99% functioning point
would be a fiction. It could not exist. Figure 12 shows the
expected response of a noimally distributed population contaminated
by 5% duds. As can be seen from the figure, ýf an experiment were
made covering the range from 15 to 8 A response, the data obtained
could be represertd quite well 1, a straight line. Hence any
test made entirely in this ianerval vuld give erroneous predictions
for responses above 90%. Ordinar 1] the proportion of duds is
smaller than 5% and is tlerefore h,'rder to detect. When the
Bruceton test is used the absence of duds is implicitly assumed.

13
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38. The data collection plan described above ordinarily yields
some centrally-collected Bruceton data plus data at two levels
where mixed responsec are observed. Because the Bruceton data
are collected at the mean and at levels most remote from the
desired estimation level it seems best to discard them and to
perform the analysis on the two mixed response levels. This
analysis can be carried out very simply by plotting the two
points in the proper probability space and running a straight
line through them.

39. More sophisticated statistical treatments, experimental
designb, uL,. c•n be :sed and in many cases will lead tn 1ýttpr
answers. Other papers are being prepared at the Naval Ordnance
Laboratory which will describe in .,• ' g:a~tz detail som, of
the experimental techniqaes, statis-cal theory, and high-speed
computer programs for data processing and for carrying out
Monte Carlo experiments.

CONCLUSIONS

40. It is not possible to estimate precisely the functioning
probability levels of EEO's at the extremes needed for good
safety and reliability estimates. There are practical procedures
for reducing estimation errors: these are proper sampling,
proper instrumentatior, optimization of data collection
procedures, and selection of proper statistical tools. There
are c'rtain areas, such as lot-to-lot and batch-to-batch
variation, for which we cannot at present make adequate correction
to our esttmates. The gathering and study of relevant data
would probably be quite difficult, yet would give information
of great value in this type of work. We feel that even though
it is not possible to solve all of the problems accurately it
is much better to know the inherent limitations an.d pocc:bic
sources of serious error in making safety and reliability
estimates than it is to go blithely along in blissful ignorance
of life as it really is.
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